IN contrast to the usual clinical course of congenital aortic valvular stenosis in older children, the infant with severe aortic stenosis often has early symptomnatology, a malignant clinical course with severe cardiac failure, and a grim prognosis.
Congenital aortic valvular stenosis inl inifancy is generally considered to occur ill two formns: (1) an isolated lesion, similar to those eases observed in later childhood anid characterized by a relatively well-formned aortic valve, an adequate-sized aortic ainnulus anld ascending aorta, and the absence of associated cardiovascular malformations; and (2) a lesion conlsidered to represent aortic valve involvement secondarv to inural endocardial fibroelastosis of the left ventricle. 1 A review of our experienee with 22 infants with aortic valvular stenosis whose symptoms appeared in the first year of life, indicates that the predominanit form in this age group is a third variety termed "conoenital aortic steniosis, infantile form" in this report. This type conistitutes a distinctive clinlical svndrome that may be an intermediate form between hypoplasia of the aortic tract conlplex2 (hypoplastic left heart synidronme3) anld isolated aortic valvular stenosis of older children. The characteristic pathologic features of this syndrome include marked deformity of the aortic valve, a hypoplastie aortic annnllus and ascendinig aorta, and associated cardiovascular anomalies such as fetal or adult coaretation of the aorta, patent duietus Analysis of Data Twenity-two cases of congenital aortic valvular stenosis with onset of syviptoms from birth to 12 months of age were admnitted for study from January 1955 through July 1962 to 'Tle Children s. Menmorial Hospital, Chicago, Illinois. Sixteen patients died and were autopsied and six are alive. The clinical, hemodynalnie, angiocardiographic, and necropsy data are presented in somie detail, since 11o such data appear in previous reports of large series of infants with severe aortic valvular stenosis.
The clinical findings are summarized in table 1. There were 13 male and nine femuale ilifants anld all were white. Symptoms of congilestive heart failure appeared early: in nille infants symptoms began shortly after birth, in 16 infanits by one monith of age, and ill all 22 by one year of age. Elevenl of the 16 deatlhs occurred before tile age of one mloilth.
Particularly strikingwas the early presenee of congestive heart failure in all these inifanits. Dyspnlea was described in all cases, hepatomegaly in 18, and peripheral edema in 10 cases.
Phlysical development was retarded in 14 of the 22 ilnfants. Cyanosis was described in 14 cases, usually in the neonatal period or in the terminal state. Twelve infants bad prolnounced pallor and two of these had syncopal attacks. In 12 infants both the radial anid fenioral pulses were weak, aind in five the femoral pulses were delayed and weak wheni compared to the radial pulses, suggesting some degree of coaretationi of the aorta. In only five patients were the peripheral pulses described as normal.
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Figure 1
Anteroposterior chest roentgenogranms of four infants wiith the congenital aortic stenosis. syndrome, showing cardiac enlargement and pulmonary congestion. In the older age group the heart tends to decrease in size and the left rentriculalr contour and left atrial enlargement become more apparent.
In six it was located at the upper right sternal border, sometimes extending to the suprasternal notch and neck vessels, and in six it was maximum at the mid or lower left sternal border. Auscultation revealed a normal first heart sound. A loud early systolic click was best heard at the apex or along the lower left sternal border in 14 infants. The second heart sound was normal in intensity at the upper left sternal border with narrow splitting, which was usually fixed with respiration.
A cardiac murmur was detected under two months of age in all cases except one. In three infants it was present at birth, in nine at one week of age, and in 20 infants by one mnonth of ag,e. A stenotie systolic miiurmur was present at the upper right sternal border in 14 patients and a nmurnmur of similar quality was heard at the mid or lower left sternal border in 16 patients. In eight infants a blowing or whistling systolic murmnur was present at the apex with variable transmission towards the left axilla. A diastolic inflow murmur (mid-diastolic rumble) was present at the apex in 11 cases, and in one infant (case 15) there was a prominent presystolic accentuation of the mid-diastolic rumble. One infant had a rough, early diastolic, aortic insufficieney murmur (case 4) associated with a ruptured aneurysm of a sinus of Valsalva.
In three patients the steiiotie systolic mur-Circulation, Volume XXVIII, December 1963 1086 CONGENITAL AORT'IC STENOSIS mulur was not heard on admission whenl the infants were in severe congestive heart failure, but became audible following digitalis therapy. In four other infants the murmur definitely increased in intensity after improvement of the symptoms of congestive heart failure, and in one infant a loud early systolic click was heard only after digitalization. In many patients the peripheral pulses became palpable or acquired significant voluine only after institution of digitalis therapy.
Associated somatic malformations occurred in two cases. One infant had bilateral congenital glaucoma, congenital dislocation of the hips, and a cleft palate (case 6). Another infant had a webbed neck (case 11).
X-rays (table 2 and fig. 1 ) showed severe cardiac enlargement in all patients. A left ventricular contour and left atrial enlargenment were observed in the older infants. Radiologic evidence of pulmonary congestion or edema was present in almost all patients. Findings suggestive of pulmonary venous obstruction, including Kerley 's lines and a suggestive reticulated pattern of the lung fields, were present in two very young patients. In two instances the roentgenogram suggested dilatation of the ascending aorta.
Electrocardiograms were available in 21 cases (table 3) . The mean frontal QRS axis lay between +60 and +120 degrees in 16 of the 21 patients. In one instance there was an indeterminate axis. In four cases right axis deviation was more pronounced and ranged from +130 to -160 degrees. First degree atrioventricular block was present in five cases. Only one case had a Q wave in lead I and all except one case had a Q wave in lead III. Left atrial hypertrophy was seen inl 55 per cent of the group and right atrial hypertrophy in 65 per cent. In most cases left and right atrial hypertrophy were both present. Left ventricular hypertrophy was observed in 19 infants, combined ventricular hypertrophy in four, and right ventricular hypertrophy in two infants. Right or combined ventricular hypertrophy occurred only Circulation, Volume XXVIII, December 1963 tered at the time nost of these electrocardioarams were recorded. Cardiac catheterizations (table 4) were done in 16 of the 22 patients. The left ventricular systolic pressures ranged fromn 135 to 220 mm. Hg and the systolic gradient across the aortic valve varied from 65 to 130 mm. Hg. The systolic arterial pressures varied from 55 to 95 mm. Hg, and the arterial pulse press-ures ranged from 15 to 40 mm. Hg. The left ventricular end-diastolic pressure obtained in seven cases ran-ged fronm 5 to 28 mm. Hg anad was higher than 10 mm. Hg in five infants. The mean left atrial pressure was always elevated, varying froim 10 to 30 mm.
Hg. Some patients had a prominlent "v" wave in the left atrium, as high as 20 to 30 mm. Hg, and in one case there was a tall "a"a wave of 22 mm. Hg (case 7). The pulmonary artery pressure was obtained in 14 infants and was normal in five. In the other patients there was moderate to severe pulmonary artery hypertension (systolic levels, 50 to 124 mm. Hg) and in six infants pulmonary artery pressures were equal to or higher than systemic pressures. Normal pulmonary artery pressures occurred only in patients older than three months of age.
An interatrial conmunieation was traversed by the catheter in 11 infants, and a patent ductus arteriosus was entered in ten infants. A left-to-right shunt was demonstrated at the atrial level in three patients (cases 3, 7, and 8). A left-to-right shunt at the ventricular level was also suggested in case 7 with an autopsy-proved ventricular septal defect. In two children, with a patent ductus arteriosus, there was a left-to-right 19). The left atrium ranged from small to moderate in size, and its emptying into the left ventricle appeared to be delayed. In two infants a right-to-left shunt was visualized via, the patent duetus arteriosuis (cases 7 and( 13). The left ventricular chaimlber was nmoderately enlarged and the ventricular wall was considerably thickened. Tn three eases there was regurgitationi o-f ontrast mtiaterial from tfle left ventricle inito the left atrium. A muod-Circulation, Volume erately sinall aortic annulus and thickened aortic leaflets were recognized in imost angiocardiograms. The imost characteristic angiocardiographic observation was the extremely slow enmptying of the obstructed left ventricle. The aseending aorta was usually moderately hypoplastic. Details of the aortic areh, including preductal or postductal coaretation of the aorta, were often difficult to visualize with left ventricular injections, and they were best denmonstrated with retrograde arterial catheterization anld selective aortic angiocardiography.
Aortic valvotomy with extracorporeal eirculation was performed on seven patients (table 1) . There was marked clinical inmproveinent in four of the infants, although the heart remained large and there was no significant change in the electrocardiogram during a follow-up period of at least one year in three eases. Two patients (eases 9 and 14) failed to survive surgerv. Tin anotlher inifant (case 2(0) who had freqXuemit syneopal attacks before operation. the episodes were terini-nated by surgery, but aortic insufficiency followed the operation with persistent cardiac failure and angina-like symptoms. A left heart catheterization one year following surgery revealed a systolic aortic gradient of 70 mm. Hg, and angiocardiography confirmed the presence of marked aortic regurgitation.
The patients coming to autopsy were considered to hlave the following pathologic complexes: aortic steniosis with fibroelastosis, aortie stenosis with fetal, transitional, or adult coaretation of the aorta, aortic stenosis with patent ductus arteriosus, and aortic and mitral stenosis complex. In only one instance (case 10) was the lesion classified as an ordinary isolated aortic valvular stenosis. Two infanlts presen-ted ani aneuryssm of the sinus of Valsalva (cases 4 and 7), one of them with a fistula into the left veentriele (case 4). The pathologie findings are listed in detail in table 5. The aortic stenosis was generally extremelv severe with a small aortic aninulus anid a markedlv deformed and thickened valve ( fig. 3 ). The aortic openiing ranged from 0.2 to 0.4 cm. in dianmeter. The aortic valve had oie, two, or tlhree cusps and often there was onlv a partial differentiation of the cusps. In extremte cases, the valve consisted of an irregular mass of tissue. Prominent searring anid eartilaginous changes were sometimes present. Some valves showed marked nodularity and in one inistaniee this produced a tumor-like mass (case 4). In four infants. however, the aortie valve was well formned except for nmoderate thickening. In two autopsied and in one operated case there was evidenee of associated subvalvular stenosis, consisting of a fibrous ridge across the ventrienlar surface belowthe aortie valve.
Discussion
The observationis presented in this study indicate that severe aortic stenosis in infancy is geiierally not an isolated lesion but rather represents one element of several pathologic ciomplexes. These comnplexes include the followinge aniomalies: aortic valvular steniosis, miiitral valve hypoplasia and(i iiisufficieniec, endocardial fibroelastosis, fetal, transitional,4 or Circulation, Volucme XXVIII, December 1963 1092 CONGENITAL AORTIC STENOSIS adult coaretation of the aorta, patent duetus arteriosus, patent foramenl ovale, and nmoderate hypoplasia of the asecniding aorta. Eaeh one of these individual lesions itay be more or less prominent and all lesionis are not necessarily present in each case, so that one distinct pathologic complex cannot be said to be present. All these cases, however, sharply contrast with the usual aortic valvular stenosis in older children, which is an isolated lesion.
The clinical syndrome of severe aortic stenosis in infancy appears to occupy an intermediate place between the hypoplasia of the aortic tract complex in newborn infants and aortic valvular stenosis of older ehildren. This clinical observation would appear to be related to the pathologic findings which indicate that many of the constituent pathologic anomalies of hypoplasia of aortic tract complex are also present in patients with congenital aortic stenosis of the infantile form.
In hypoplasia of the aortic tract complex (aortic atresia)3 5 tliere is complete obstruction to the exit of blood fromn the left ventricle. The pulliolnary venious return reaches the systenmie arteries via a left-to-right shunt, miost often a patent foramtieln ovale or atrial septal defect. A right-to-left shunt is present via a large patent ductus arteriosus and the right ventricle functions as a systemic as well as pulmonary ventricle. In the absence of mitral atresia there is a small left ventriele with a thick wall and fibroelastosis. When mitral atresia is present, there is almost complete absence of the left ventricle.
In congenital aortic stenosis of the infantile form the entire systemic cardiac output generally leaves the heart via the obstructed aortic orifice. In contrast with the findings in hypoplasia of the aortic tract complex (aortic atresia) left-to-right shunts are usually not present, but in five infan-ts in our series there was cardiac catheterization or angiocardiographic evidence of a small leftto-right shunt at the atrial level. This atrial arteriovenous shunt represents one of the transitional elemlents at the physiologic level.
Circulation, Volume XXVIII, December 1963 The left vecntriele is usually dilated an(l markedly hypertrophied in the infanltile form of congenital aortic stenosis and there is often associated fibroelastosis. Histologic evidence of focal subendocardial necrosis attributed to myocardial ischemia may also be present.6"
The size and hypertrophy of the left ventriele as shown both by electrocardiogram and by postmortem examination constitute an important criterioni differentiating the infantile type of congenital aortic stenosis from hypoplasia of the aortic tract complex (aortic atresia). In the latter group the left ventricle is always small. In all the cases with aortic stenosis of this series, except case 1, however, the left ventricle was dilated and hypertrophied at autopsy. In this infant the small size of the left ventricle and the electrocardiographic and postmortemi evidence of combined ventricular hypertrophy suggest that the lesion had a closer relationship to the extreme of aortic atresia of the pathologic spectrum.
The left atrial and pulmiionary venous pressures were always elevated in our patients with the aortic stenosis syndrome in infancy and there was often severe pulnonary hypertension. In two cases there was a right-to-left shunt at the patent ductus level. This pulionary hypertension probably resulted from elevated left ventricular and left atrial pressures and accounted for the electrocardiographic evidence of right atrial and right ventricular hypertrophy seen so commonly in the youngest infants. Right ventricular hypertrophy was present in all cases at autopsy. Isolated instances of severe pulmonary hypertension and increased pulmonary arteriolar resistance in adult patients with isolated aortic stenosis have been reported.7
The exact inieidence of mitral insufficiency in this series is difficult to ascertain, since this lesion is usually not clearly demonstrable at autopsy. Clinical, hemodynamic. and angiocardiographic data, however, suggested that mitral regurgitation was present in a considerable number of eases.
Endocardial fibroelastosis was a common 1093 feature in our series, and in some cases it was very marked. The early detection of a stenotic murmur and the common pathologic finding of severe malformation of the aortic valves favors the concept that in these cases fibroelastosis is secondary to left ventricular obstruction,8 rather than that the aortic valve involvement is secondary to mural left ventricular endocardial fibroelastosis. Congenital aortic stenosis syndrome in infancy represents a relatively uncommon entity with a probable incidence of approxiinately one tenth of the cases of aortic stenosis seen in older children. In a series described by Keith et al.9 there were six cases of aortic valvular stenosis under one year of age and 56 cases older than one year.
Certain features of this group of infants with severe aortic stenosis are particularly interesting from the clinical and pathophysiologic standpoints. These children developed eardiae failure very early in life and had a high mortality by six months of age without surgical intervention. Of considerable diagnostic importance has been the observation that the systolic murmur of aortic stenosis, the early systolic click, and the peripheral pulse may be entirely absent during severe cardiac failure and appear following digitalis therapy. The marked cardiac enlargement and severe pulmonary congestion seen on xray in the infant age group is an extremely rare observation in aortic stenosis in older children. The response to digitalis is poor in these infants, and there is generally a rapid, downhill clinical course with recurring pulmonary edema and death.
The clinical, pathologic, and physiologic observations indicate that severe aortic stenosis in infancy represents an intermediate form between hypoplasia of the aortic tract complex (aortic atresia) and the usual aortic stenosis lesion and point up the need for early relief of the left ventricular obstruction. This relief, in turn, might stimulate development of the annulus and ascending aorta and reverse the component of left ventricular failure leading to pulmonary vaseu-lar obstruction. Recent surgical reports dealing with aortic valvotomy in infants have been encouraging in respect to the relatively low mortality and the immediate relief of symptoms.1012 Several surgical groups, however, have commented on a selected group of patients, including older children, with a hypoplastic aortic annulus and ascending aorta, and these were considered poor candidates for aortic valve surgery. Gerbode et al.,'3 in a review of congenital aortic valvular stenosis, reported four patients with hypoplastic aortic annulus and ascending aorta, all of whom had poor surgical results. In their series of 27 cases of congenital aortic stenosis, Spencer et al.'4 mentioned four infants, three of whom died and had associated lesions, such as markedly deformed aortic valves, hypoplastic valve ring, coaretation of the aorta, and patent ductus arteriosus.
These The current surgical technic is that of transaortic valvulotomy with extracorporeal circulation. The symptomatic postoperative improvement in our cases has been quite remarkable although there has been no signifieant change in the radiologic heart size of the electrocardiogram to date; consequently the long-term prognosis of these infants remains guarded.
Summary and Conclusions
Clinical, hemodynamic, angiocardiographic, and neeropsy studies were performed on 22 infants with severe congenital aortic valvular stenosis. Analysis of the findings reveals that these infants present a clinical syndrome as-*Shone et al.'" have recently described a developmental complex in which four obstructive anomalies of the left side of the heart and aorta coexist. These anomnalies included "parachute mitral valve" (stenotic), supravalvular ring of left atrium, subaortic stenosis, and coaretation of the aorta. sociated with a group of lesions consisting of aortic stenosis, endocardial fibroelastosis, mitral valve hypoplasia and insufficiency, coaretation of the aorta of preductal or postductal type, patent ductus arteriosus, and patent foramen ovale. This syndrome is regarded as a transitional or intermediate form between the hypoplastic left ventricle and aortic valvular stenosis of older children, and represents a distinct entity. Surgery has been performed successfully in a number of cases. Hypoplasia of the aortic annulus and ascending aorta and the presence of associated eardiovascular malformations place serious limits on the adequacy of surgical repair and the long-term prognosis.
